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1.
(P/3) + (Pui/dxi) = 0 (1)
(0 Q) (Puw) + () (Pujui) = (- Pl i) + (OG/ k) + Pfi (2)
T = p(0uil Q)+ atj/axi) - 2/ 3u(au-/axk)5_ij
fi=— 2ejWur + (a’axi)(wzrz/Z)
eijk R 1 &) Zk, eijr= 0, jk (123, 231,
312), eik= 1, i k (321, 213, 132),  eii= — 1
. (2)
(PI/a) + (Qxj)(Plu) = (p/a)+ (dxj)(wT) + (d &) AN /) (3)
I=C T+ (wz— (Uzrz) /2 s , :
T(ds/dt) = (duldt) + p(dvidt) = (1P div(AVT) + (D P) (4)
2.
A=A+ A (5)
A= pAIP , A=A+ A~ (6)
A ) A=A \A=1
( ) . (1) (2
(3) :
OPIa +-0 Pui)/xi= 0 (la)
AP/ &+ (&) (Fw) = - (/&) + (I&)(T- M) + (A)  (2a)
Ti= u (Quj/ Qeit Qi) — 2/3u (Gl Q) &, — Puity
, Reynolds H ( ). Boussinesg
— Pty = w0/ Qi+ uidk;) — 2/ 3u( OLul Ox) Oy (7)
(2a) : (03)(Pay) + (o) (Pais) = — @/ + (JX)T + Bf s (2b)
Tro= (u+ ) (/i + Owl/d) — 23(u+ w)(Qw/dr) S
I+ (Fo)(PTu) = Pla+ (96) (T + wiy)
+ (9 ) (uC,/P)(OT/d) - Pl (3a)
T : = Pl= Copd PulTI &, P
Prandtl LTt wh=T, , (3a)
Mo+ (Jo)(PTw) = P/a+ (Q) (T o) + (ulpr + wlP)
* YR/ (Y- 1)(3T/ &)) (3b)
3 ui (2) i
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(D/Dt)(pu_zu, = - u,a) 7 i — uza)/ac, + WO/ Ok + w Ot Ocr
— Puw @il &k — Pusirdud ek — (a’axk)(Putu/uk) + Puif
+ Puifi - WPfi— W Bf: (8)
(8)
s Te= p o (Qul Qck) + Quil Qi) — 2/ 3u( 0w Qvi) O (8) ,  Coriolis
M= Pufi+ Pufi - wbfi - w Bf:
= ul{PFi+ PFY + w(P i+ PTS + Plwf + uf))
TP+ JiPuw+ wPf o+ whf) (9)
, , 10  Criolis
, P=0, w=u=0, w=u=0, (9) 10 :
M= Puf i+ uf) (9a)
= (8)—777,: ”r vr, rr—> >
(D/Dt)(1/2 Puii) = — O &k ur( 1/2Puini) - ui@ & — uicp /i
+ won vk — Puwidnl &+ w( P OF)FiPu
+ Pufi+ Pufi (10)
(10) fi= = 2eiwur, ufi= 0, 0 (9
4 Coriolis , p= 0, U= ui= 0,
5 0 Coriolis
4, :
(Pe/Q) + (€l dx)) =) AWd,) (09 Td ) (aal &r) - 2u (@ dwn) (&l ex,) (/)
= MO€wT &) — 2u (Quf Acr) (T Qor) (A O;)
— 2u (0wl Qop) (@ &) ( Qi &cy) — 2u (@l Ovg)( Qul ) (Qu ] er)
+ u(d0;)(0d Oc;) — 2u (0 Q) (0ay] dey) (0 0r,) (Quif Oxy)
+ 20 (Qul &) (§70c) + (VP (D) u(du7d)
— U3u(wT &) - PIPP T, - PIPD) T/,
= (PTIP) + 26 (Q2) (VD) (Qid) () (nd] &)
- (&) (@ Ty (11)
=0/ i) (Qul i) Coriolis
2u (Quil &) (OF il Ocr)
N-S ,
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e (0 , ) e (
) , (1), (2b) , (3b) P, u, uz us, p, I, T,
Hi , I He s
; (
) (1), (2a) (3a) (8)
1. (O ): Cebeci-Smith
(C_S )[4]
{Hl == pl2| azl/ac2| x2< X2
o= : 6 (12)
pe = 0.0168Pu1d / 1+ 5.5(x2/0) x2> X2
x2 ,
I= 0.4x2 1 - exp(—  Puotwx2/26u)
(13)
§ = (1— w/ui)dx: , T= po(Au/Q2) w
X2 , 22=10%- 20% O,
, Bradshaw l lo
. 1 ) [ 5] :
o= 1- BoRia~ PeRic (14)
B B , , Beo= 6, B= 7( ) B
=4 ( ) Ri  Richardson
Ria=— 29 (@u/ G2, Rie=2(ui/R)/ (Qulk2) (15)
R ) R> 0, R<-0
(12) , ,
2. k€ s :
ue = Cup:[fz/E (16)
Cu k€ (10) (11) (10) (11)
(10) (1) , , k-€
k : (6Pk/a) (d @) (Puik)
= (d ) (mlow)(Kk/a;) + e (CGuldxj) + (Qy/avi) (Cuil &) — Pe (17)
€ : (0 &) + (d oxi)(Puie)
= (d &) (m/® (ki) + €k (Cim(au/ &j)(dij/ &i) — CaFE (18)
Ci=1.44, C»=1.92

, (6]  (17) (18) ,
) s k, € :
(OPk/ @) + (O ) (Puk) = (d &) (pudow) (Kl ;) + pe (Quil Gj)

+ (Qy/ Qi) (CQulxj) - Pe+ G. (17a)
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Pdd) + (Foui) (P = (T &) (ul 09 (3 &) + €k (Cou( i s + Tl i)

- CPe + (€k)G.— P(EIEk)C. (18a)
Ge Ce :
Ge= 9o (sl Br1) Ce=0
Ge= 0 C=0.2 (k/©*><2w2  (Quws/d1) - 2w
G=0 C=0.2 (k/©>>2w (dus/ &)
3 , (7)
, (8 N-S - Puini
[7] ,
4, c Duwil Dt wwilk , [ 6]
wuilk= 238+ (1= C2)/Ci (Pil€) — 2138:(PT€
I 1+ (1/C)(Ple- 1) (19)
Pi=— P wuw(@/ ) + wwl il &)
P=- P(uw(dild;) \\ Ci= 1.5C3=\0.6
18l :
wiul k= 2/30k + Ra(l - CA2F) + (Pi— 2/30uP)(1 - C2F) | P+ PE (CF - 1)
— (2/3PKRY’Sw)/\ P + P€E (CrE — 1) (19a)
€ = €+ 10730 &%) (%" dv))
Si= 1/2 (Gu/er) + (Cw/0xi)
Ri= - 20w(6es uiw + 65 ww) , Rr= kIYe , F= 1+ 2.5 /e x1+ x2+ x3)
5. (19)  (19a) (8)
: : [9] wuw wus
wulk= A+ R , wulk= B- oR , uwuilk= C
wuwlk= C{k1€)(aquld2) (1- YR - SR’ (20)
R= - w/ (&i/ &2, ¥=6.5 6=253, A B C o Cu
1. . H Coriolis
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THE GOVERNING EQVATIONS AND TURBULENCE MODELS

OF COMPRESSIBLE TURBULET FLOW IN A ROTATING FRAME
Hua Yaonan (Academia Energetics R & D Center)

ABSTRACT The governing of equations compressible turbulent flow in the
rotating frame are established by the aid of the mass weighted average method. The transport
equations for the turbulent stresses, the turbulent kinetic energy and the dissipation rates are
derived from the obtained equations. The from of these equations set up in a rotating frame
is different from that in an ordinary inertia reference system. The rotating effects caused by
Coriolis and the centrifugal forces result in the appearance of the additional iterms in these
equations. They may not be ignored in solving the Navier-Stokes equations and studying the
turbulence models. Five turbulent models and their mathematical ex pressions are considered,
and their revised forms taking account of the rotating effects are discussed.

EXPERIMENTAL RESEARCH ON DISTORTION

TOLERANCE CAPACITY OF A TWIN-SPOOL TURBOJET
Wu Yuegeng, Yun Qisheng, Ge Guohuang
(Li Yang Aeroengine Research I nstitute)

ABSTRACT The inlet pressure distortion ex periments of-a twin-spood surbojet
were completed at the ground test—ring. Under a variety of conditions of the inlet
circumferential and radial pressure distortion, the distorting \flow\ field,” distorting index,
critical distorting angle and sensitivity have been, measured separetely by the steady and
dynamic measuring systems. M eanwhile, the émphasiswas placed on‘analysing the effect of
inlet circumferential and radial pressure-distortions on the-performance and reliability of the
twin-spool turbojet, the results-of the-analysis-provide theé experimental basis for matching
between the engine and-its intake-

ROTATING STALL AND SURGE IN AXIAL FLOW COMPRESSOR
Tang Diyi, Guo Jie, Li Lijun, Qiao Weiyang
( Northwestern Polytechnical University )

ABSTRACT Supported by the funds of the national natural science, we have
tested and meassuréd the-instability behavior of compressors in detail with hot-wire, hot{film
probes and transient pressure 3-hole probes on single rotor, single stage and multi-stage
compressors respectively. After analyzing signals with the power spectra and correlation
analysis, it is found that there are two kinds of disturbances—peripheric oscillation and axial
oscillation in the flow. On the basis of this fact, we propose the concept that the flow
separation from airfoils results in peripheric oscillation and axial oscillation simultaneously,
and provide a new model to describe the flow destabilizing mechanism.

For the stability problem of multistage axial flow compressors, it is of practical value to
investigate its stability limits, inclusive of the rotating stall margin. T he preliminary results
of this investigation show that the stability limit in the high speed regionis equivalent to a
surge line, that the stability limit the middle speed region is indeed a stall line, and that the
stability limit in the low speed region has two branches, one is the stall line of the whole
compressor, the other is the rotating stall inception margin of the first stage. Both are of the
same importance from the viewpoint of engine safety. Finally the mathematical methods for
predicting the stability limits are discussed.



